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ATLAS and CMS are particle detectors situated 100m
underground recording data from the Large Hadron Collider



ncredible machine

The LHC produces* about:

[ ST RN | 4000 W*s / sec

1200 Z0s / sec
17 tt s / sec
1 hOs / sec

~(0.007 hOh0s / sec

SM prediction

*Ru



http://cern.ch/theofil/
https://cmslumi.web.cern.ch/cmslumi/publicplots/peak_lumi_per_day_pp_2018NormtagLumi.png

0@ MC simulation

key ingredient for interpreting the LHC data and for
designing better (S/B) experimental analyses

entering a new phase 10 y after NLO revolution .
first NNLO simulations available (e.g. Powheg MiNNLO): -.&"

color singlet first (e.g., V, h9), recently colored particles
(tt) added, EW corrections available from several tools
like Sherpa or MG5_aMC@NLO 3.X

new PS beyond LL accuracy, devised with weighting
techniques allow internal variations avoiding adhoc
comparisons, e.g., Herwig vs Pythia =& new
understanding of systematic uncertainties

thank youl!

the availability of the enormous amount of MC samples
needed for the LHC analyses, comes with their own
challenges on the computing side

development of concurrent running, first tests on
GPUs e.g. MG5_aMC@NLO


http://cern.ch/theofil/

ATLAS and CMS have produced ~100 new
physics results in 2021, in this talk:

ATLAS CMS ATLAS+CMS
SMP 2 3 5
TOP 2 1 3
HIG 4 4 38
BPH 1 1 2
HI 1 1 2
TOTAL 11 10 20

ATLAS physics results

CMS physics results



https://twiki.cern.ch/twiki/bin/view/AtlasPublic/WebHome#PhysicsGroups
https://cms-results-search.web.cern.ch

jets, V, V+jets, VV
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Z+Jets high PT
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leading jet kinematics nicely captured from NLO MCs,
inclusive Pr(ll) is tricker (integrates all additional jets)

exp. uncertainties ~5-14%1}1 7
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ATLAS-CONF-2021-033

Z+jets high Pt
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integrated cross
sections are also 10°
provided (in good
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SM predictions)
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CMS SMP-18-014

r(Z —inv)

1st measurement of the Z invisible width @ hadron collider
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'z - v IS extracted as a scaling parameter
on the Z = vv process, relativeto Z - |l 9
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CMS SMP-18-014

r(Z —inv)

major systematic uncertainties [1.5-2%] from lepton selection efficiencies and JES

CMS Preliminary  36.3 b1 (13 TeV)
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competitive with the direct
measurement @ LEP

exp. uncertainty ~3% 10
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ATLAS-CONF-2021-039

WWW
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ql

more on VV, see Darien Woods’ talk

Kostas Theofilatos exp. uncertainties ~12% 11
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CMS SMP-20-011

Inclusive Jets @ 13 TeV
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CMS jet data together with the HERA DIS measurements and CMS
top pair production cross section are used to constrain PDFs, as
and mwop Simultaneously

exp. uncertainties ~5-20%{ 12
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CMS SMP-20-011

Inclusive Jets @ 13 TeV

CMS Preliminary
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ag(my) = 0.1177 £ 0.0014(fit) + 0.0022(model and param.),
m{mle = 170.2 £ 0.6(fit) £ 0.1(model and param.) GeV.

Although jet data have no direct sensitivity to mwop, their influence on the gluon PDF
and as can be reflected in Mtop

13
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CMS SMP-21-009

Inclusive Jets @ 5 TeV
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exp. uncertainties ~5-15% 1 14
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ATLAS-CONF-2021-050

tt (all hadronic
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this analysis is particularly sensitive to 4-quark OEd x BR(tt— hadrons) [pb]

EFT operators and sets limits on a range of them

exp. uncertainty ~12% 16
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ATLAS-CONF-2021-050

tt (all hadronic)

normalized differential cross sections
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pr(tt) sensitive to extra radiation, Powheg+Py8 with more ISR
describes better the data compared to the nominal Powheg+Py8

m(tt) > 1 TeV, all predictions have similar level of agreement with

the data
.
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CMS TOP-21-004

CMS Preliminary
T T | T T T T [ T T T T

138 fb~ ' (13 TeV)
T T { T T T T { T T T T

100

60

Fiducial cross section [fb]
(0]
o

40

!

20

\\\\‘\\\‘\\\‘\\1'?'\_?'.“_\\\

L

Data
—— MG5+Pythia8
[”7] Theory unc.

¥2/dof=7.27/6
------ MG5+Herwig7

®

1.5

0.5

[6)]
o

100 150

Ny = 1, Nbjet 2 1, Niep = 2, my > 20 GeV

Pred. / data

200

250 300
p.(y) [GeV]

T

ol <l

+

<L

oy

do / d AR(y, b) [fb]

Pred. / data

fiducial phase space

CMS Preliminary 138 fb~ ' (13 TeV)
r | T T T T [ T T T T [ T T T T [ T T T T [ T T T T | T T T ]
0.35f ¢ Daa =
L —— MG5+Pythia8 ]
0 Si [7”7] Theory unc. E
r ¥2/dof=5.57/4 b
O == MG5+Herwig7 ]
- ) =
0.2 =
015 ) =
0.1 § =
0.05 —
C | L | _
1.2E E
1 # ¢ : g 1 ® ®
0.8F A A A , 3
0.5 1 15 2 2.5 3
AR(y, b)

T

ol <l

_|_

<L

oy

Combined

uu

eu

ee

CMS Preliminary

(dileptonic

W

T

= o <

+

<L

oy

138 b~ ' (13 TeV)

T T | T T T I T I T T T I T T T | T
m  Measurement
+2.5 +6.1
174.5 , . (stat) o (syst) fb —BE— = Stat. unc.
— Stat.+syst. unc.
— MG5+Pythia8
172.2777 (stat) ™' (syst) fb — Theory unc.
+3.1 +6.7
173.8 ;| (stat) 0 (syst) fb —alie—
177.37; (stat) _*912'2 (syst) fb ————
1 1 | 1 1 1 I 1 I 1 1 1 I 1 1 1 | 1
100 120 140 160 180 200 220
tty
fiducial

exp. uncertainty ~4-10%

18
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ATLAS+CMS Preliminary M, SUMmary, Vs = 7-13 TeV  September 2021
LHCtopWG
------- World comb. (Mar 2014) [2]
stat total stat
total uncertainty ) m,,, * total (stat = syst) Vs Ref.
LHC comb. (Sep 2013) LHCtopwG 4 173.29 = 0.95 (0.35 = 0.88) 7 TeV [1]
World comb. (Mar 2014) H+H 173.34 = 0.76 (0.36 = 0.67) 1.96-7 TeV [2]
ATLAS, I+jets H—I—H 172.33 =+ 1.27 (0.75 = 1.02) 7 TeV [3]
ATLAS, dilepton = 173.79 + 1.41 (0.54 = 1.30) 7 TeV [3]
ATLAS, all jets H——— 175118 (142 1.2) 7 TeV [4]
ATLAS, single top —t——t= 172.2 = 2.1 (0.7 = 2.0) 8 TeV [5]
ATLAS, dilepton H-'d—l 172.99 = 0.85 (0.41+ 0.74) 8 TeV [6]
ATLAS, all jets —— 173.72 + 1.15 (0.55 = 1.01) 8 TeV [7]
ATLAS, l+jets = 172.08 + 0.91 (0.39 = 0.82) 8 TeV [8]
ATLAS comb. (Oct 2018) H=H: 172.69 = 0.48 (0.25 = 0.41) 7+8 TeV [8]
ATLAS, leptonic invariant mass (*) : H=H 174.48 + 0.78 (0.40 = 0.67) 13 TeV [9]
CMS, I+jets s+ 173.49 = 1.06 (0.43 = 0.97) 7 TeV [10]
CMS, dilepton —t-—t=— 172,50 = 1.52 (0.43 = 1.46) 7 TeV [11]
CMS, all jets —==—— 173.49 = 1.41 (0.69 = 1.23) 7 TeV [12]
CMS, l+jets HetH 172.35 = 0.51 (0.16 + 0.48) 8 TeV [13]
CMS, dilepton ot 172.82 + 1.23 (0.19 = 1.22) 8 TeV [13]
CMS, all jets He+s 172.32 + 0.64 (0.25 = 0.59) 8 TeV [13]
CMS, single top H—s 172.95 = 1.22 (0.77 = 0.95) 8 TeV [14]
CMS comb. (Sep 2015) e 172.44 = 0.48 (0.13 = 0.47) 7+8 TeV [13]
CMS, I+jets e 172.25 + 0.63 (0.08 = 0.62) 13 TeV [15]
CMS, dilepton | 172.33 = 0.70 (0.14 = 0.69) 13 TeV [16]
CMS, all jets e 172.34 = 0.73 (0.20 = 0.70) 13 TeV [17]
CMS, single top H-e 172.13 = 0.77 (0.32 = 0.70) 13 TeV [18]
H [1] ATLAS-CONF-2013-102 [7] JHEP 09 (2017) 118 [13] PRD 93 (2016) 072004
[2] arXiv:1403.4427 [8] EPJC 79 (2019) 290 [14] EPJC 77 (2017) 354
* Preliminary Soinmm oo pmermnw
[5] ATLAS-CONF-2014-055 [11] EPJC 72 (2012) 2202 [17] EPJC 79 (2019) 313
H [6] PLB 761 (2016) 350 [12] EPJC 74 (2014) 2758 (18] arXiv:2108.10407
co oo b gy L b
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mtop [GeV]

direct

Mtop

ATLAS+CMS Preliminary My, from cross-section measurements
LHCtopWG May 2021
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CMS, 13 TeV —— 169.9 57 (0.1=1.5 52) g
ATLAS, 13 TeV —e— 1731 %7 [4]
o(tt+1j) differential, NLO
ATLAS, 7 TeV e 1737 221514 42 5]
CMS, 8 TeV —— L 169.9 57 (1.1 57 ) 6]
ATLAS, 8 TeV A 171.1 §§ (0.4 0.9 57 7
o(tt) n-differential, NLO
ATLAS, n=1, 8 TeV H—s— 1732+ 1.6 (0.9+0.8+1.2) [g
CMS, n=3, 13 TeV e 170.9+ 0.8 [9]
Miop from tOp quark decay [1] EPJC 74 (2014) 3109 [5] JHEP 10 (2015) 121 [9] EPJC 80 (2020) 658
CMS, 7+8 TeV comb. [10 s o o o oo
L 1 IATL'Al\S; 7I+8I Tlevlcolmlb I[11I:| | I | [T] ETJCIBO (IZOZIO) 5I28 |[8] TPJCI 77:2017) 8T4 L1 1 1 | 1 1 1
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from cross sections

exp. uncertainties ~0.5%
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ATL-PHYS-PUB-2021-034

A. Hoang et al. PRL 101 151602 i nte rp reti ng mtop

[ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [ | [ [ [ [
0.1— ATLAS Simulation Preliminary

 pp — tt, XCone R=1.0 jets

- Soft-drop (z.,=0.01, =2)

in direct measurements, data
are compared to multiple MCs
assuming different values of

Normalized events / 500 MeV

mC, but mMCis not trivially 0081 50 GeV < p. < 1000 GeV
connected to m¢pole !
— Powheg + Pythia8
0.06— o .. NLL prediction, MSR mass
=— NLL prediction, pole mass
a nhew ATLAS analysis connects Theory Unc.

mMC with a well defined pQCD
calculation at NLL, mtMSR(R =
1GeV) which is numerically 0.02
close to mpole, by calibrating
the prediction to different
templates of Powheg+Py8 MC

0.04—

165 170 175 180 185 190
Large-R jet mass [GeV]

mY'C = mY>R(1 GeV) + 807320 MeV

more on top, see Rohin Thampilali Narayan’s talk 20
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Higgs, so far

observation of all main:
production modes ggF, qgH, VH, ttH
& decay modes vy, ZZ, WW, 1T, bb and evidence for pp

35.9-137 fb™' (13 TeV)
III T T IIIIIII T T IIIIIII T T IIIIIII T

ATLAS and CMS —4~ Total [ | Stat. == Syst. E>

> | t
7 TeV, 8 TeV and 13 TeV Tot. Stat. Syst. L> 1 E CMS Supp/ementary WZ /"' 3
L r

ATLAS H —yy Run1 ==+ 126.02 = 0.51 (« 0.43 = 0.27) GeV 5 [ m, =125.38 GeV .
. . 031« -1l .7 i
| CMS HwRumd e | 124.70 = 0.34 (- 0.31 - 019) GeV | g]>10"F p-value = 44% 3
ATLAS H — 4IRun 1 [—— 124.51 + 0.52 (« 0.52 = 0.04) GeV w u . 7
! B e’ ‘ 1
CMS H — 4l Run 1 s ) 125.59 = 0.45 (= 0.42 = 0.17) GeV - b Pl i
s L L T o2k « 4" CMS HIG-19-006 |
- vy Run 1 125.07 = 0.29 (= 0.25 = 0.14) GeV 2 » E

o L ’ Leptons and neutrinos Quarks ]

ATLAS-CMS 4l Run 1 125.15 + 0.40 (+ 0.37 = 0.15) GeV r .’ ]

--------------------------------------------------------------------------- i . U\ c|lt:t @
ATLAS-CMS Comb. Run 1 125.09 = 0.24 (= 0.21 = 0.15) GeV 3 ¢¢'

----------------------------------------------------------- 1 0_ E w . < U 17 S =

ATLAS H —yy Run2 124.93 =+ 0.40 (= 0.21 = 0.34) GeV E é/« 2 T E

- ]

ATLAS H — 41 Run 2 124.79 = 0.37 (= 0.36 = 0.05) GeV g Force carriers
ATLAS Comb. Run 2 124.86 = 0.27 (+ 0.18 = 0.20) GeV 1 0_4 | n
--------------------------------------------------------------------------- E 1 111111 1 L1111 || 1 L1l
T T T T T T TTTT T T T

CMS H —4lRun2 125.26 = 0.21 (= 0.20 = 0.08) GeV

Higgs boson

III I
CMS H — yy Run2 =) 125.78 = 0.26 (= 0.18 = 0.19) GeV % 15 EI i T ' '
| cmMscomb.Run2z || A 125.46 + 017 (= 0.13 = 0.11) GeV | 5 1 —% -------------- {' % ----------------- H-- L]
| | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | ‘ | | | | | | -'(_U‘ :||| ) ) ||||||| ) ) ||||||| ) ) |||||||
118 120 122 124 126 128 130 132 o 0-510_1 1 10 107

my, GeV

particle mass (GeV)

within uncertainties, all measurements consistent (so far) with the
hypothesis that the H boson is a CP-even fundamental scalar
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CMS HIG-20-015

H — tau tau (differential)

138 fb' (13 TeV) 138 fb' (13 TeV)
9 — T T T I T T T I T T — S [ T T T T I T T T T I T T T T I T T T T I T T T T _]
> - CMS [ / Observed = . CMS / ¢ Observed
o 105 wozz gg—H (POWHEG) + XH = S 107 & oz gg—H (POWHEG) + XH =
S e s gg—H (NNLOPS) + XH = 5 - === gg—H (NNLOPS) + XH ]
= IR ; XH = VBF + VH + ttH (POWHEG) _ B XH = VBF + VH + ttH (POWHEG)
f 1 _L = thftf’f:fft * .
e 2 3 0 L E
_8_ o N essossis - - AN .
_1 | SRR AR _ | |
~ 107°E = _ PRI, i
o} n e e S
© L _ 10 = A '/~'/y'/'7t:'
107 & - .
B | | | | L | | |
(n/-) B,_) 2 """"""""""""""
O O 1 5 S O PSPPSR P PR UPPPPPR —]
= = T Oy o kil
_9 _9 05 SRR PPSPPPPPRRR } ..................................... —
9 C—) O 1 1 1 1
© s Y9 1 o 3 4
e e 0 1 2 3 4 5
Njets

First differential measurement using H = 1T mode
bins of Pt(H), Njets, Pt(j1)

at high pr, competitive precision wrt other final states e.g., ZZ, WW
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CMS HIG-19-010

H — tau tau (STXS)

contrary to the fiducial cross
section measurements here
the xs is measured per
production mode in pre-
defined mutually exclusive
bins, allowing the combination
with other decay modes

Stage 1.2 _

1 8gHlowm; > 2-jet | Medium m,;
I |

m, [350, OO]

I < T |
& o=k

ggH 1 jet low p;

ggH 1 jet med. p,

ggH 1 jet high p;

= VBF+V (—qq)H

> 2-jet
I

qqH low m;;
Medium mijj

[
pH [0, 200]

I
m, [350, OO]

Kostas Theofilatos 24
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CMS HIG-19-010

H — tau tau (STXS)

CMS Prellmlnary 137 fb' (13 TeV)

S ol - Observed W —w Elumeramynsipeawion] - 91ODAI SigNal strength
H : o " L ggarees ; § Process-based : : : : 5 CMS Preliminary 137 tb™ (13 TeV)
aal : P : : : : : : : : : ]
. | : : : L 10102 | 5 f : L a74? : : 1
= : : : P -756%019 : : : : : 15 : : -
10° : 2o e g L1907 g g g g g g * Obs. —=z1o +1o stat.
i : | ;99'11571-"95 . . . . . . ] th. stat. syst. bbb
10% +0.12  +0.08 +0.06 +0.07 +0.04
F u i 0-85011 -0.07 -0.06 -0.06 -0.03
10 E
g u 0.98%020 +0.12 +0.09 +0.12 +0.06
4 ggH —==— U.90 549 009 009 -0.12 -0.06
= 3t bbbl
7 3 IV SN SOURN SO SRS SN NSNS OO | OOUAOOD1 (OO SORMRIRIOIS SOOI SO
e 1
+ +023 +0.06 +0.19 +0.09 +0.08
o 0 HogH| e 0.670% 005 018 -0.08 -0.08
—
CU —1 1 | 1 1 1 1 | 1 1 1 1
o -2 15 2 25
-3

Parameter value

ggH=TT NN
qgqH—tt
ggH/pT>300

HaqH
statistically

limited

qqH-2j/pT>200 %\\\‘\
o —
(&)]

ggH-0j/pT<200 R\ :

ggH-1j/pT[0-60]
ggH-1j/pT[60-120]
ggH-1j/pT[120-200]
ggH-2j/pT<200
ggH/pT[200,300]
qqH non-VBF topo
gqqH-2j/mJJ[350-700]
qqH-2j/mJJ>700

process based merging

cB(H — t71) (fb)
Process Measured SM Prediction

Inclusive 29607375 3422172
qqH 2214723 329450
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ATLAS-CONF-2021-044

H — tau tau (STXS)

g 105_ ATLAS Preliminary Hencross-sections(IyHI<2.5E """""."_""""""'""""""'_1'
m"’ 1= Pey, = 95 % — Expected [ ] Theo. unc. — — Total — Stat. Theo. pSM = 88 %, |yH| <25
X — T =
= 1 P :
10" | 5 t = Tot. (Stat., Syst.)
— ! - +1.56 +1.06 +1.14
P l | ttH | ¥— ® 1.53 -1.32 (-0.93 ~0.94 )
107 E 1 . | =
- - +0.59 +0.50 +0.32
1072 = —= VH F—— 095 -0.57 (—0.48 -0.32 )
(% A3 T 1 [ [ | [ | E
@) . +0.34 +0.15 +0.31
o 21~ | | I 1 ggF @ 0.95 -0.27 (2015 023 )
= ~ T I O . — I | S
o 0 i I | | ]
l I I I I | | | 0 89 +0.19 (+O.13 +0.15 )
N(ets): =1 1 =2 =0 ) =2 | s2 -2 | VBF 191 - —0.17 -0.12 -0.12
p.(H) [GeV]: [60, 120] [120, 200] [200, 300] [300, =[ [0, 200] : i | | | | | |
m, [GeV]: [0’ 350]* [0, 350] [350’ oo[ 5[60,120] [350’ Oo[ E L 11 [ I L 11 L 11 [ I L 11 L 11 [ I

gluon fusion + gg — Z(— qqg)H v VBF+V(—qgH ' ttH O 1 2 3 4 5 6 7 8

(oxB)™®2® / (oxB)™M
total cross section

O —rr = 2.9 £ 0.21(stat) 7052 (sys) pb

consistent with the CMS

measurement 2960f§% b
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ATLAS-CONF-2020-026 CMS HIG-19-015

T 1 T 1 T 1 | | T 1
| | | | |
ATLAS Preliminary o4 Total Stat. = Syst. | SM
-1
Vs=13TeV, 139 fb
HQYY , mH = 125.09 GeV ' Total Stat. Syst.
+0.31 +0.18
gg—H 0J 0 <p" 10 m= =u | 0.76 549 (£0.26, g)
) +0.20 +0.13
ggeHOJpT>1O (@I 1.17 -0.19 (= 0.15, -0.11 )
+0.44 +0.19
gg—H 1J0.<p" <60 |—_i—| 091 [y43 (040, 5ig)
+0.39 +0.15
9g—H 1460 <p!' <120 I—IE—l 118 337 (2037, 5og)
gg—H 14 120 <p!' < 200 —= 0.70 +0.52 (= 0.50, TOO;‘;
gg—H=2J0<m,, <350,0<p" <60 | — — i 0.47 :1 '2218 (:1 '1156, Tooéss)
gg—>H=2J0<m;;<350,60<p!'<120  |—p—] 0.28 = 0.59 (T(?'5587, T(?f:)
gg—H =2J 0 <m; <350, 120 <pt < 200 == 0.60 +(§)':78 (+ 0.45, +(§)'1147)
gg—H =2J m, ;> 350, 0 <!’ <200 ——— 2.25 T(? ;;9 ( j»00.§378 : TOO;; )
9g—H 200 <p'* <300 o 1.00 Tg ';70 ( To?f: : TOO_'(;: )
gg—H 300 <p!' <450 —==— 0.20 +(;)§07 ( +00:'>: +0001;)
—H p" 1 1 +1.45 +1.44 +0.17
gg—H pl' > 450 = = | 164 116 (4160 -0.06)
+1.23 +1.15 +0.44
qg—Haq = 1J I == : 155 108 (1027 -038)
l | +1.84  +1.70 +0.71
— ——
qa—Hqq=2J 0<m <601 120<m <350 | 1316 55 (-1.62’ _0_57)
qq—Haq=2J 60 <m <120 —==— 0.76 +(;) 535 ( +00:01 +00'225 )
da—Haq =2J 350 <m <700, 0 <p! <200 b——— 0.79 +(§) 6753 ( +005662 , +OO§§ )
ag—Hqa=2J m >700,0<p!! <200 == 1.09 +é) 5’15 ( +00'22: , +00'1271 )
H I +0.46 ,+0.41 +0.20
qq—~Haq=2Jm  >350, p!>200 == 1.35 440 (036 -047)
qg—Hiv 0.<p) <150 —=== 2.41 +(?7701 (+ 0.67, +001292)
i oY > 150 [ 1 +1.16  +1.14 +0.19
aa—Hw pf'> f = 1 264 999 (097 -0.17)
HIlO <pY < 150 I = = | -1.08 +00'8979 ( +(§)§56, +(§)'2206)
Hil oY = 150 ; i +1.11  +1.10 +0.16
by > I = = 010 593 (091 -0.19)
0.83 ,+0.80 +0.21
tH 0 <pF <60 —e=—] §
<pl< | 0.76 570 (.068° -0.17)
60 <o < 120 +0.54 ,+0.53 +0.10
<pl< I—Il—l 072 946 (046 -0.08)
120 < o < 200 +0.63 ,+0.61 +0.17
ttH 120 <pl' < |—iﬂ—| 106 o54 (L0520 -0.14)
H of > 200 +053 4052 +0.12
ttH > |—_f—| 0.96 46 (0455 -0.10)
1 ; y 1 +3.28 ,+3.13 +0.97
” } i - - 1 085 541 (2217 -098)
oo o b e b by
4 2 0 2 4 6 8
YY [ VY
o''/o
SM

H - vy (STXS)

-1
CMS 137 fo’' (13 TeV)
, B sk . . o Observed I
10° - +8 m m | m —
= i a XI a e rg I n g I +lo (stat@syst) 3
[9.43¢ N 3
[0 137 142 B -0 (syst) ]
+3.6 +2.4
10 g—i 363s 00853 592 » ~ SMprediction TS
= 265 08253 R L o]
| 2600000, 205 12‘:8:3 » 1.fg.3 1.3,
0.71%; >
Lo el +0.24 035 | iy
TE" H—yy,ly) <25 | 05282 T i 5
— STXS stage 1.2: maximal b s -
1o | m,=12538GeV,p  =31% ]
E [ =
= | ]
25F- —=10
2F- -8
15 ! 1 | I —6
1B | s ikoe ool SRR B -+ —= 1 oo 1 —wmmer - | 34
0.5F- I l BE=F
0 = = 0
IQ_D— ID_D— IQ_D— IQ_D— ID_I— Io_l— T Q_l— IQ_D— i_) (% i_) g (% % 8_ =I= E
2 < = ° < 2 ° < = m = = 0 — -
0] I I
S 2 5 g 2 5 g 2 @ T & = T = N
3 2 2 > =] > [=x
o 8 ~— - ] ol - - > T foa
— - A 3 Y T T =3
z T z T T T A N o oy &
8 = % [<2) [2] [ I I o o
> s S 8 3 3

27 regions
measured in total

*bins are merged in 17 regions for this plot,
(minimal merging has instead 27 regions)

27


http://cern.ch/theofil/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-015/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-026/

HIGG-2018-28 CMS HIG-19-001

H » ZZ (STXS)

— CMS 137 tb~' (13 TeV)
ZZ-0j -—n— —_— r
A TLAS zi| — ] - i
N L i — [ + Observed (stat@syst) H-ZZ
H— 272" - 4l =7 | - 3 SM prediction
s=13TeV, 139 fb” voc| 1| 2F iz mu=125.38 GeV
L Lo P P L L - -90
Reduced Stage 1.1 -y | <25 T B I S N Q ¢ 4. STXS merged Stage 1.2 - |y | <2.5
—m— Observed: Stat+Sys SM Prediction NNsw 3 - N 214138
. - =77% . -B fo L 145133 - 11+161
| [m] Observed: Stat-Only ~ p-value = 77% c-B [fo] (0:B)g, Il | g 594 78+41 I 56+32
9g2H-0j-p7-Low i L] 170 £ 55 176 +25 | 102 = 53123 47 43
992H-0j-p-High rm 630+ 110 550 £ 40 - 027 w277 12490 j502
992H-1j-p”-Low m | 50 + 80 172 £ 25 - — -¢- 718 0:12 0z
- g — B I =9 29 o -
9g2H-1j-p*-Med I 17050  119+18 - — 05" ==
gg2H-1j-p/-High [ S— 9*l 20+ 4 B 10 T - 0*
9g2H-2] - 40+75  127+27 -
992H-p"-High : n 382 15+4 C T
q92Hqq-VH : ] 21+ 35 13.8 ig: F
B : +64 +24 ] =3F
qa2Hqq-VBF | 150 °% 107.6 *2¢ oL
I~ 0 +7.9 1 o °F +
qq2Hqg-BSM B n ! 0.5_48 420+ 0.18 | o 1 :__i . + | l !
VH-Lep ! m 22+28 16.4+ 0.4 g - ¢ l I . +
= ! 0 L
ttH E— = 3 25" 154703 =
— - : — - = —_ — = o) @ + o) o) @ — o) T
(o) (o] (o) (o] [} (o) LN () wn (o] n (o] o Te] +
N T T T T T T T T — (o] (e} ()] O (gV] m (g\] (] ~ m (gl n — +
~ N ~ ~ ~ ~ A A — A A A — A
1 0 1 2 3 4 5 6 7 S ¢S g ¢ S g g & & & Lz o8 os %
& -~ & © g 9 g = o £ £ S =5 3
c-B/(c-B) = & = & = & ~ 3 ~ @ 95 =
M 573 T ' L 4 % 3
T © T i T N %1 %‘ %‘ g
[=)] | [«)} | [=)] | [o)) o [on
()] I ()] I o )
(@] (®)] [®)]
(@] (@] (@]

ggH-1j/p7[120, 200]
ggH-23/p7[120, 200]
qgqH-2j/my;[66, 120]
qqH-2j/m;;[350, 700]

clean and statistically limited, will benefit a lot with
more data
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L L e L L
AR B ATLAS comb
\s=13TeV, 36.1 - 139 fb’ Stat.
m,, =125.09 GeV m=  Syst
pSM — 79% | SM ATLAS-CONF-2021-053

: Total Stat. Syst. . . . .
0F 11 102 o1 (0% 007 likelihood level combination
ooF 72 " 095 011 (1010 w004 of all decay modes
ggF WW |@l 113 *0%% (o6 » ‘oto)
ggF v = 087 0% (lois . oz )
ggF+ttH uy H——— 052 0gs (lo7e . ‘o3 )
VBF 1y ==t 147 105 (105 . Toit) i
e | Lo om om o total signal strength
I . -0.42 -042 » -0.06
VBF WW = 109 0% (1915, o)
VBF 0 - 099 3% (oW, 0i)
VBF +ggF bb re= 098 U (9%, 93 — 1 057_'_0'064
VB VH s f—=—— 2a g (a2 um p= L.U9{_g 062
VH yy I‘E" 133 0% (o3 ‘oo )
VH 2Z E— 151 T04 (Toes» Toss) . .
VH 0 = 098 10T (0% 03 the new ATLAS combination
WH bb = 104 0%l 0 has decreased
ZH bb = 100 08 (157 80 uncertainty wrt the
tHtH B 093 o5 ( ozt + oo ) previous one by ~10%
RH4H WW e 164 (08 (104, 10%)
ttH+tH ZZ = I == = 169 1% (Tie . ‘ot )
+0.34 +0.20 +0.28 .

ttH+tH bb | :IEI ‘ | | 0.35 _0.33I ( Zo20 > -Io.27) more about nggs

4 5 0 5 4 6 3 measurements in Giulia

o x B normalised to SM Di Gregorio’s talk
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ATLAS-CONF-2021-046

precision charmed beauty

(%) + J/@ used to trigger the decay
R (e, . = B(B: > J/yD;s ) of interest Bct — J/@p Ds(M)+
Dylmr B(BE — J [yn)

Bct — J/w nt as reference

> -~ r Tt et
AR LN LAARN LAREE LN N B T T 1 ||||||||||||||||| T[T T[T T[T ] g _AT[_ASPre”minary \/§=13T6‘V,139fb'1
ATLAS Preliminary o 2500 [ .
ATLAS (Run 2) —— = o — 1Y —e— Data
. 7 / i =~ — Total fit ]
LHCb (Run 1) —— : e —— 3 L7 B Jhpt -
ATLAS (Run 1) FE—F—G E —_— : ¥ ¥ -'E .......... B;—>J/1pK+ 4
: r : W L N Tee & .- Be—Jipp" B
QCD PM IE u E . E — - Combinatorial background
QCDSR| = z o / .
RCQM| = n Y m
BSW| =
LFQM | —a—% : . i
pQCD E — E E +a HiH
RIQM / / / u
FNCM 7= : : =
Lo Lvidb i b |l:||||||||||IIII:IIIII|IIII|I e Lo o] 03_
1 2 3 4 5 5 10 1 2 3 4 0.2 04 0.6 0.8 ]
R.. . Roro/a- Rorp- : . . . . . ]
Di/x D, PP L./T 5800 6000 6200 6400 6600 6800 7000

: . : mJApmt) [MeV]
All the ratios of branching fractions are well

described by the theoretical predictions exceeds the precision of all
previous measurements
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CMS BPH-20-004

new kid on the block

CMS 140 b (13 TeV)
é 1405_ { D.ata ‘
< 120~ —Fit
g 100:_—Signal
© C -~ Comb. bkg.
2 80f
JI S -
— = — 60|
oo Ky p n ‘:‘b(6100) © 405
| ZOW S\ e s ]
i o7 ! H £ ! S
geall O_.. I I B T T T

565 5.70 575 580 585 590 5.95 6.00
M(JIpE") [GeV]

/43%T ¥z
’ IZ» _CMS Supplementary 140 fb™ (13 TeV)
g 1402— : :
1201
n B
. . L 100
an excited beautiful strange baryon 35
© -
(- R
S eof iz 1000
its existence will help distinguishing 40 L
among different models predicting the - gl'% il
properties of the excited =y states 200 & w%?;%%
0_ I

| | : | | | | | | | | | | | |
6100 61 50 6200 6250 6300 6350
M(E, ot ) - M(E,) + m_DG [MeV] 37
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ATLAS PRL 126 (2021) 072301
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107"

1072

%

ATLAS
pp, s =5.02 TeV, 260 pb

o Pb+PD, \s,, = 5.02 TeV, 1.4-1.7 nb”
>

= -
Om- . ,</>\<> .
ok = 60@ |
P %0 ¢ a E
* Voo 03 ]
A == J 7]
= ‘6 N
Yoo Mg Ik

—8-
=,
QQ’/]
o
N
4}#@
!

—

)
: ® -
: * - :
- —$—| pp | 4 -
i —é— 30-80% - i
= & | 10-30% o E
- ——| 0-10% [F .
i | | | | [ I | | | | | ]
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Z+]et
the "medium?” is
transparent for the

colorless Z0 but not
for its hadronic recoil

QGP Z0

pT(Z9) is unaffected
by the medium and
informs us about the
scale of the hadronic

recoil
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ATLAS PRL 126 (2021) 072301

Z+jet

2 g ATLAS

s 4t 0-10% Pb+Pb/pp
3l [=0~|Data, 15 < p? <30 GeV
2 L
1

0.7}

0.5F

0.4f

0.3

0.2

I I I I I LI I I
pp, Is =5.02 TeV, 260 pb 1
Pb+Pb, s, =5.02 TeV, 1.4-1.7 nb™" |

[<@=|Data, 30 < pZ <60 GeV

Data, pZ > 60 GeV

s Hybrid Model

wssss CoLBT-hydro

W SCET,, (g = 2.0+0.2)
JEWEL

ratio of particle yields between
Pb+Pb and pp collisions (Iaa)

Kostas Theofilatos

20 3040
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CMS CERN-EP-2021-014 (submitted on 07.03.2021 to PRL)
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azimuthal decorrelations and prirk losses (not show here)
consistent with the hypothesis that the “hard” parton
loses energy (i.e., jet guenching) and/or the medium
induces modification of the parton shower.
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Summary

Interesting physics with heavy ion data and decays of B-
hadrons, from the two general purpose detectors @ LHC.

In the realm of the standard model, top & higgs many new
results in 2021, more precision is desirable.

For each ~10% improvement in precision, we have to make
non trivial advancements in the analyses.

In all shown, the role of accurate MCs for designing better
analyses (S/B) and for interpreting the results is indispensable.

37


http://cern.ch/theofil/

BACKUP




CMS HIG-19-001

STAGE 0
=0-jet =1-jet
J J o y
PH m F<0-15 F>0-15 PH
T ji T T T
0 350 200 I
1000 450 S = [IESEeW |0
350 0 25 . oo 1000
1500 650 Py ] 1500 I
o HEE .
STAGE 1.2 T Pl g 25 o 0 25 o
' s o] S/ [qaH = 2o 200
ggH - 0j/p7[0,10] a3 L) geH - 2j/m;;> 350 ggH/pr> 200 qqH - 2j/mfj[350,700]
geH - 0/p1[10,200] | geH - 1j/py[60,120] J geH - 2j/py[60,120] lqqH = 2j/m;[60,120] qqH - 2j/m;;> 700
geH - 2j/p7[120,200]

q9-ZH gg-ZH
1
I B I B
I B I B
0-jet l-jet =2-jet 0-jet l-jet =2-jet 0-jet l-jet =2-jet

MERGED STAGE 1.2



https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-001/index.html

ATLAS-CONF-2020-026 CMS HIG-19-015

Sum of Weights / GeV

—
o O
o O
o O

500

100

o)
o O

Data — Cont. Bkg.
&
o

—— Signal + Background

L =
¢ Data E

Vs=13TeV, 139" 3
--------- Background m,=125.09 GeV  —

L
ATLAS Preliminary

All categories
In(1+S/B) weighted sum
S = Inclusive

110

=~ A A e
m 111 RN EEEN
o

920 130 140 150
m,. [GeV]

S/(S+B) weighted events / GeV

H - vy (STXS)

_sCMS 137 b (13 TeV)
0 _—l- T T 1 | T T T 1 | T T T 1 | T T T 1 | T T T 1 | T T T 1 | T T T 1 | T T 1 J—_
- H— vy, m, = 125.38 GeV All categories ]
50 — S/(S+B) weighted 1]
N ¢ Data :
40 — S+B fit -
N e B component -
30 INESRY -
E \: +2 O ]
20 —
10 -
O : | I I | | 11 1 | | 11 1 | | 11 1 | | 11 1 | | 11 1 | | 11 1 | | 11 1 1 .
2500 L | T 11 | T 11 | T 11 | T 11 | T 11 | T 11 | L
5000 B component subtracted
1500
1000
500
0
_500 | I | | I | | I | | I | | I | | I | | I | | I
100 110 120 130 140 150 160 170 180

m,. (GeV)

40


http://cern.ch/theofil/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-015/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-026/

HIGG-2018-28 CMS HIG-19-001

> 120 _I I | T 1T 1 | T 1T 1 | T 1T 1 | T T 1 | L I_
& [ ATLAS ¢ Data :
" H— 77" - 4l 9gF-+bbH Il 2Z* -

% 100 | Vs=13TeV, 139 b VBF XX, VWV 7
2 B VH B Z+jets, tt
g) i % B ttH+tH  7Z Uncertainty i
L 80 I 7. —]
: i; :

L % :

20 - )1 2 -

110 120 130 140 150 160
m,, [GeV]

Kostas Theofilatos

Events / 4 GeV

350

300

250

200

150

100

50

0

H » ZZ (STXS)

_CMS T T T — |1|37| ﬂ?-1| (|1|3 |T|e|\/.2
:_ ¢ Data _:
- ] H(125) E
- 7{ [ 1qq—Z2Z, Zy* .
- BN 99—ZZ, Zy* ]
— Bl EW —]
B J: I Z+X .
.&ﬁﬁ -
. 500
m,, (GeV)

41


http://cern.ch/theofil/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-001/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/

